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Abstract 
In the frame of the EU funded project COMTES a closed sorption heat storage demonstrator based on sodium hydroxide as 
sorbent and water as sorbate, has been developed. The system operates on a hybrid basis. Heat is stored in sensible hot water 
tanks for diurnal storage and in the sorption system for seasonal storage. The benefits of both systems can be utilised, namely low 
charging and discharging losses in diurnal storage and low heat losses during storage time in seasonal storage. In the absorption 
heat storage system the heat and mass exchangers were developed on a tube bundle falling film basis, as is common in absorption 
chillers. In testing the heating (absorption) process of the sorption system, issues were encountered with tube wetting as well as 
speed of absorption. It was found that absorption did occur, but much slower then expected. This resulted in a highly reduced 
increase of temperature and decrease of concentration. It is proposed that novel heat and mass exchanges are requires for 
absorption heat storage systems.  
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1. Introduction 
In the frame of the EU funded project COMTES a closed sorption heat storage demonstrator based on sodium 
hydroxide (NaOH) as sorbent and water as sorbate, has been developed [1]. The system operates on a hybrid basis 
[2]. Heat is stored in sensible hot water tanks for diurnal storage and in the sorption system for seasonal storage. It is 
expected that the benefits of both storage types can be utilised, namely low charging and discharging losses in 
diurnal storage and low heat losses during storage time in seasonal storage.  
The complete system has been built into and onto a 7 m long shipping container. Figure 1 shows the 
demonstrator system from the outside, and figure 2 shows the system from the inside. A solar collector field with an 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of EUROSOLAR - The European Association for Renewable Energy
 B. Fumey et al. /  Energy Procedia  73 ( 2015 )  324 – 330 325
active area of 18 m2 serves to supply heat for operation. The sorption system was designed to have a thermal power 
output of up to 8 kW [3]. The heat converter consists of two tube bundle falling film heat and mass exchangers. One 
serving as absorber and desorber (AD unit), and the other operating as condenser and evaporator (EC unit) [3, 4]. 
The AD unit features 18 times 4 tubes with an outer diameter of 12 mm, inner diameter of 10 mm and an active 
length of 300 mm. The EC unit is designed much larger containing 12 times 16 tubes with an outer diameter of 12 
mm, inner diameter of 10 mm and an active length of 700 mm. Both the AD and EC units are furnished with a 
manifold consisting of an array of dripping nozzles whereby the sorbent and sorbate fluids are evenly distributed on 
the tubes. Figure 3 shows the technical drawing of the AD and EC unit. They are sideways interconnected through a 
large opening for unhindered vapour exchange. 
 
 
Fig. 1. Picture of the complete system from the outside. Solar collectors with an active area of 18 m2 are mounted on top  
and on the side of the shipping container. 
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Fig. 2. Picture of the complete system from the inside. On the left is the heat and mass assembly, with the sorbent and sorbate tanks in the back, 
and on the right are solar pump station, fresh hot water station and floor heating pump, in the back the sensible hot water tanks are placed. 
In theory, in the charging (desorption) process discharged sorbent, aqueous sodium hydroxide at approximately 
25 wt% to 30 wt%, is introduced to the AD unit and flows over the tube bundle dripping from one tube to the 
consecutive lower tube due to gravitational force. The tube bundle is heated from the solar collectors via heat 
transport fluid, whereby the aqueous sodium hydroxide increases in temperature, and water vapour is released. The 
vapour in turn is condensed on the EC unit and the heat released to the environment, possibly a geothermal heat 
exchanger [2, 4]. Vapour transport from the AD unit to the EC unit occurs due to the pressure difference resulting 
from a temperature difference between the two units, which is greater than the sorbent concentration based 
equilibrium. In this process sorbent at increased concentration and liquid sorbate (water) is gained.  
In the discharging (absorption) process charged sorbent, aqueous sodium hydroxide at approximately 50 wt%, is 
introduced to the AD unit and flows over the tube bundle, comparable to the desorption process. The EC unit is 
heated at low temperatures from the geothermal heat exchanger. Water is introduced to the EC unit and evaporated. 
This water vapour is absorbed by the sorbent on the AD unit, whereby the latent heat of evaporation and the heat of 
solution is released. This heat in turn is released to the heat transport fluid and used for space heating and possibly 
domestic hot water.  
The built demonstrator is now undergoing detailed testing. This paper presents initial results in the absorption 
(heating) process. 
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Fig. 3. CAD drawing of the heat and mass exchanger, measurements in mm. On the left is the AD unit and on the right the EC unit. 
2. Methodology 
The demonstrator is facilitated with three stainless steel storage vessels of 1.5 m3 internal volume each. Figure 4 
shows the system setup with the sorption tank assembly. Gear pumps are used to transport the sorbent (aqueous 
NaOH) and sorbate (water) to and from the heat and mass exchangers. 
 
 
Fig. 4. CAD drawing of the hybrid heat storage system indicating component placement. 
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In order to test the absorption process the demonstrator was filled with 1000 kg of sodium hydroxide at a 
concentration of 50 wt% NaOH in water and 700 kg of de-ionised water. Care was taken to remove dissolved gases 
from the liquids by circulating both sorbent and sorbate through the AD and EC units and evacuating the system 
with a vacuum pump. This enabled the release and removal of the mayor amounts of dissolved gases from the 
liquids. Nevertheless it must be noted that some gases continue to be released, for this reason the vacuum pump is 
always operated prior to testing.  
In the tested process of absorption, heat is gained at low temperatures from a water pool. In the demonstrator this 
replaces the required geothermal heat exchanger proposed for a final system [2]. Water is evaporated on the EC unit 
as follows. The sorbate (water) flows over the tube bundle as a falling film whereby not evaporated water is 
recirculated. The heat transport fluid (pool water) flows through the tubes, releasing heat at low temperatures to the 
sorbate. A water vapour pressure and temperature in respect to the evaporator temperature is reached. On the AD 
heat and mass exchanger a similar procedure is followed. Sorbent (aqueous NaOH at 50 wt%) flows as a falling film 
over the tube bundle. Due to the high affinity of NaOH to water, the sorbate vapour is absorbed by the sorbent and 
the latent heat of evaporation as well as the heat of solution is released. The aqueous NaOH is thus diluted. The 
potential temperature lift from EC unit to AD unit depends on the concentration of the sorbent, the higher the 
concentration of the sorbent, the higher the theoretically possible temperature [5]. For this reason recirculation of the 
sorbent is not profitable. This imposes strict restrictions on the absorption process and specifically on the tube 
bundle heat and mass exchanger. At present, the falling film in the AD unit is approximately 300 mm tall. This 
results in a droplet time in the tube bundle of approximately 2 sec. when supplying the unit with a sorbent volume 
flow of 600 ml/min. 
3. Results 
Several absorption (heating) tests have been done. Results of two tests are visualised in figure 5. In operation 
many challenges were encountered. Technical issues were found in setting stable operation conditions. It was found 
that the installed gear pumps for sorbent and sorbate transportation varied slightly in volumetric flow rates at fix 
pump rotation speeds. This was enhanced at high flow rates, and possibly results from the lack of the ability for 
pumps to prime under vacuum conditions. Care was taken to place the pumps at the lowest point between storage 
tanks and AD and EC unit, nevertheless the solutions must flow to the pump by gravitational force in order to be 
pumped on. Other challenges were encountered in keeping stable temperature conditions in both AD and EC unit. In 
operation it was discovered that the effects of non condensing gases on the absorption process were substantial. In 
figure 5 two test results at stable operation are illustrated. On the left operation at a pressure 1.88 mbar above the 
water vapour pressure at the given evaporator temperature shows that approximately 1 kW of thermal energy could 
be released from the AD unit. On the other hand on the left, at similar settings, the measured pressure was 10.3 mbar 
above the water vapour pressure. In this test no heat was released from the AD unit, as a matter of fact a slight 
revers operation was measured. This resulted from room temperatures above the heat transport fluid in both the AD 
and EC unit. The actual water vapour pressures in respect to temperature are calculated using the Antoine equation: 
   (1) 
Whereby: A = 8.07131, B = 1730.63, C = 233.426 
For an average EC temperature of: 
T = 16.5 °C follows P = 18.69 mbar vapour pressure 
T = 17.4 °C follows P = 19.79 mbar vapour pressure 
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Fig. 5. Illustration of the AD and EC heat and mass exchanger test results. On the left is the result with nearly all non condensing gases removed, 
on the right a result with approximately 10 mbar pressure resulting from non condensing gases. 
The illustrations in figure 5 show steady state average values. The blue circles illustrate the tube bundle arrays for 
both the AD and EC units. The heat transport medium flows upward from one tube to the other, as shown by the 
blue arrows through the circles. The orange arrow shows the flow of the sorbent in the AD unit, this is in counter 
flow to the heat transport fluid. In the EC unit the sorbent flow is indicated in dark blue. Temperatures are measured 
inside as well as outside of the tubes at varying levels, as indicated. Volume flows of the sorbent and the heat 
transport fluids in bot AD and EC units are indicated as well as the power input and output.  
When analysing the test result on the left, operating at a pressure of 20.57 mbar which is only 1.88 mbar above 
the average water vapour pressure, it can be noted that a continuous power output of approximately 1 kW was 
reached. Nevertheless focus on the temperature of the heat transport fluid (temperatures inside the illustrated tubes) 
reveals that the gain is only 2.16 °C, from 23.87 °C to 26.03 °C. In respect to the water vapour vs. pressure diagram 
[5] an output temperature of approximately 56 °C should be possible, not including temperature losses on the AD 
unit. Looking at the sorbent concentration reveals only a slight reduction. It follows that little sorbate (water vapour) 
is absorbed. This in turn explains the low temperature gain and power output.  
4. Discussion  
At the momentary state of testing it appears that the conventional heat and mass exchangers as designed in this 
system and often used in absorption chillers [3] are not fitting to the purpose. This is largely due to the slight, but 
substantial difference in operation. Where recirculation in absorption chillers is possible on both the AD and the EC 
side, in sorption heat storage this can only be done in the EC unit. Recirculation is not possible on the AD unit 
during the absorption process. It is important that maximum concentration is encountered at the sorbent entrance, 
especially when seeking temperatures for domestic hot water. The process of absorption is found to be slower than 
expected. For this reason when not allowing recalculation, the sorbent must be allowed to endure in the sorbate 
atmosphere for a substantially longer time than now possible. At the moment it takes about 2 sec. for the sorbent 
droplets to fall through the tube bundle array and no active regulation there of is possible.  
330   B. Fumey et al. /  Energy Procedia  73 ( 2015 )  324 – 330 
A further issue is found in the formation of sorbent droplets. Figure 6 shows the AD tube bundle with the 
manifold evenly supplying small droplets on the first tube. Nevertheless they quickly group to form larger droplets, 
thus reducing the wetted area of the tube bundle and increasing the fall through time, whereby reducing both contact 
area and contact time of sorbent to sorbate. 
 
 
Fig. 6. Picture of the tube bundle in the AD unit, showing the flow of sorbent (aqueous NaOH) over the tubes. Fine droplets group, reducing the 
wetted surface on the tubes. 
4. Discussion  
In this paper initial absorption tests from the closed sorption heat storage demonstrator based on the sorbent 
sodium hydroxide and the sorbate water have been presented. It has been shown that absorption does take place and 
that a power output of approximately 1 kW has been reached. Sensitivity to non condensing gases was observed, and 
several issues with the existing heat and mass exchanger designrecognised. Further work will now be done to 
improve the absorption process. This includes quantifying the speed of absorption at varying sorbent temperatures 
and vapour pressures and improving the AD heat and mass exchanger for better wetting, greater surface area and 
longer contact of sorbent to sorbate. 
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